[1] The identification of landforms associated to liquid water on Mars is a major goal for the understanding of the geologic and climatic evolution of this planet. In the region of Reull Vallis, near Hellas basin, lobate debris aprons are recent landforms due to the creep of water ice mixed with rocks. Among these landforms, one unusually long debris apron has a tongue-shape and gross morphology that indicates a different mechanism of deposition. This study demonstrates, using topographic data from Viking DEM and MOLA (Mars Observer Laser Altimeter) that the geometric parameters of this feature support the presence of liquid water during its flow. This landform is therefore comparable in size to the most developed wet debris avalanches on Earth. Its late Amazonian age questions the presence of near-surface liquid water in the recent geological past of Mars.
Introduction
[2] Water on Mars is a fundamental question to understand the geologic and climatic evolution of this planet. Recent data from the Mars Global Surveyor (MGS) spacecraft has renewed usual conceptions about liquid water on Mars. Indeed, several high resolution pictures of Mars Observer Camera (MOC) show debris flows probably created by liquid water on hillslopes. These landforms require a formation by either shallow aquifers or climate heating in the last thousands or last millions years [Malin and Edgett, 2000b; Costard et al., 2001] . On Earth, catastrophic mass wasting like debris avalanches exist also at the ten kilometers scale [Crandell et al., 1984] . The formation of these landforms is often facilitated by the presence of interstitial liquid water [Iverson, 1997] . On Mars, huge landslides are especially developed in the region of Valles Marineris, but the role of liquid water is not obvious and remains debated [Lucchitta, 1987; Mc Ewen, 1989] . The landform we focus here is equivalent in size but younger than landslides of Valles Marineris. It takes place in the southern hemisphere near Reull Vallis (Figure 1) . A 3D analysis is performed in order to estimate the role of liquid water in the flow.
Geological Setting
[3] The region of Reull Vallis, at the north-west of the Hellas basin in the southern hemisphere of Mars, is characterized by a complex geomorphology associated to geologic events of diverse natures (volcanic, fluvial, glacial) and ages (Noachian to Amazonian epoch, i.e. most of Martian evolution). Lobate debris aprons developed at the foot of remnant hills (Figure 1 ) and lineated valley fills of Reull Vallis are the youngest features of the region dated to the Middle or Late Amazonian epoch by Mest and Crown [2001] . They may have an age in the range of several hundred million years, possibly less, according to the absolute scale of Hartmann [1999] . The debris aprons have been interpreted to movement of nearsurface material due to the creep of interstitial ice like terrestrial rock glaciers [Squyres, 1978; Squyres and Carr, 1986] . This interpretation is especially based on the observation of both longitudinal and transversal ridges characteristics of slow glacier-like flows [Stewart and Crown, 1997] . The topographic cross-sections provided by the Mars Observer Laser Altimeter (MOLA) of several debris aprons in Deuteronilus Mensae display convex shapes which confirm the process of ice creep inside rocky material [Mangold and Allemand, 2001] . However, the tongue shape of the elongated debris apron of Figure 1 suggests other processes than viscous creep. Its flow-like morphology has been noted by Crown et al. [1992] but these authors better interpret this by ice creep like other debris aprons. MOC images available over this feature, especially MOC 03-01423, shows the presence of longitudinal ridges and the absence of transverse ridges, at the difference from neighbooring debris aprons similar to rock glaciers. New topographic data now permit to provide quantitative evidences of the origin of this landform.
Topographic Analysis of the Elongated Debris Apron
[4] Questions about mechanism of emplacements, the debris source and the presence of liquid water are addressed using topographic data. A high resolution DEM is required for this study. So, a stereo analysis of Viking images combined with the MOLA data, using a new method described in Baratoux et al. [2001] allows us to compute a DEM at a spatial resolution of about 300 meters and a vertical precision of about 40 meters ( Figure 2 ). Furthermore, this method gives an accurate registration between Viking images and topographic data which is very useful in the analysis performed below: all geometric parameters, and especially areas, volumes and difference in elevation of the structures can be defined on Viking images and computed from the Mola-Viking D.E.M.
[5] Lobate debris aprons associated to viscous creep of ground ice, so rock glaciers, are identified on both MOLA and Viking DEM by their convex shapes. On the contrary, the topography along the elongated debris apron does not display such a convex shape (Figure 2a ). The topography of the deposit area is characterized by a zone of thin material (10 -50 meters), at the bottom of one of the rock glaciers, and a zone of increasingly thick material (150 meters), corresponding to the head of the debris apron on a flat plain (Figure 2 ). This topographic signature is not consistent with viscous flow that produces a convex shape. However, during the deposition phase, coarser debris that collects at the debris flow snout form a dam that can stop the debris flow and produce such topographic signature [Iverson, 1997] . Furthermore, the constant width of the deposits is consistent with an emplacement mechanism where inertial force plays a role contrary to the creep movement where the glacier should spread laterally on the flat area. Interpretation of Viking images, helped by topographic data, finally permits to discriminate between the elongated debris apron, born by a debris avalanche, from the other debris aprons similar to rock glaciers (Figure 3) .
[6] In a debris avalanche, the direction of flow is strongly connected with the direction of maximum slope at the source zone [Iverson, 1997] . So, we propose that the debris flow should have been triggered in the area inside the dotted circle, where one of two hills should be the source of the avalanche (Figure 3 ). The area covered by the deposits is 325 km 2 , while the head of the debris flow covers about 170 km 2 . The elevation of the area around the deposit is subtracted to the mean elevation of the head of the debris flow to obtain its mean thickness. The value of 60 m is obtained, so the volume of material removed is about 10 km 3 . The volume of the first knob (a) located immediately above the debris flow in its direction of flow is 39 km 3 . The volume ratio between the knob and the debris flow and the inadequate resolutions of the images may explain why no feature related to a source zone is noticed.
[7] As a debris flow moves downslope, its energy degrades due to viscous and frictional dissipation. The net efficiency of a debris flow describes the conversion of the gravitational energy to unrecoverable form during the debris flow motion. Following the approach of [Iverson, 1997] , the net efficiency can be obtained equating the total potential energy lost during motion, MgH where H is the elevation difference, to the total energy degraded by resisting force, MgR, that works trough the distance L:
where M is the mass of the debris-flow, g the gravity, R the net resistance coefficient. The expression of the net efficiency coefficient follows:
R has been measured for wet and dry landslides on Earth [Campbell, 1989; Iverson, 1997; Scheidegger, 1973] . For debris flows that contain a fraction of water, the net efficiency coefficient is proportional to the logarithm of volume removed Figure 4 , at least for volumes greater than 10 5 m 3 [Iverson, 1997] . The dissipation of the potential energy is more efficient in dry flowing material. So, dry landslides have a smaller run-out distance. Assuming the debris flow of Reull Vallis has been triggered close to the knob (a), the parameters of this Martian event are L = 30 ± 5 km and H = 0.800 ± 0.250 km (see Figure 3) . The debris flow of Reull Vallis is in the range of wet terrestrial debris flow (Figure 4 ). This means that the run-out distance of the Martian debris flow is in the range of the X -2 expected run-out distance for wet debris avalanches. Furthermore, the slope for the last 20 km is less that 5 m/km. These results are consistent with a mechanism of flow enabled by the presence of water. More precisely, the proportion of water observed inside terrestrial debris flow ranges from 10 to 50% of the volume. This range of values has been obtained from field measurements [Corominas et al., 1984; Iverson, 1997] . A minimal proportion of water of 10% seems therefore necessary in the Martian debris avalanche. By comparison, its characteristics are equivalent to those of the Mount Shasta debris avalanche (volume of 26 km 3 , maximal run-out distance of 43 km, maximal thickness of 180 m, slope equal to 5 m/km for the flat part) where the flow was helped by interstitial water [Crandell et al., 1984] . In conclusion, the elongated shape of the landform, the topographic signature of the head of the debris, and considerations about energy dissipation argue for a presence of water during the flow.
Discussion and Conclusion
[8] According to stratigraphical relationships and craters counted at the MOC image scale, the debris avalanche seems to be contemporaneous or younger than nearby rock glacier aprons, (Middle to Late Amazonian). At that time, few hundreds million years ago or less, the climate was similar than nowadays with the subsurface frozen down to 2 to 5 km [Clifford, 1993] . Liquid water was theoretically unexpected to exist at surface or in the shallow subsurface like in the material at the source of the debris avalanche. The occurrence of a climate change at that time is not likely as it would have created global scale modifications not observed yet. Nevertheless, the subsurface near the debris avalanche should have been rich in ground ice as demonstrated by the presence of rock glaciers. Any magmatic activity or geothermal heating could thus have melted this ground ice to produce liquid water at shallow depth. Indeed, the region north-east of Hellas shows a complex volcanic evolution until the Early Amazonian [Crown et al., 1992] despite of the lack of volcanic landforms nearby the debris avalanche. This area also displays recent features interpreted as small outflow channels of young age Late Hesperian or Early Amazonian [Mest and Crown, 2001] . These features may be older than debris aprons but the occurrence of nearby young volatilerelated landforms favors the possibility of local reservoirs of groundwater to explain liquid water inside the debris avalanche. We demonstrate in this study that the elongated debris apron has geometric characteristics consistent with a wet debris avalanche different from nearby rock glaciers and possibly corresponding to a local subsurface reservoir. The presence of such feature during the Late Amazonian epoch is another evidence for youthful waterrelated processes such as those interpreted from new MGS data [Baker, 2001] .
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